Peyronie's disease is a fibrotic disorder, a condition characterized by cellular proliferation and excess extracellular matrix production. Previous work in related conditions has demonstrated chromosomal instability. This investigation was undertaken to analyze fibroblasts derived from Peyronie's disease tunical tissue for abnormalities of chromosome number and progression of cytogenetic aberrations during cell culture. Tunical tissue was excised from men with Peyronie's disease from both plaque and nonplaque tissue and cells were explanted in culture. Control cells were derived from both neonatal foreskins and normal tunica from men with congenital penile curvature. Fluorescent in situ hybridization was used to probe for chromosomes 7, 8, 17, 18, X and Y. Control cells demonstrated normal copy number for all chromosomes analyzed. In contrast, Peyronie's disease plaque-derived fibroblasts demonstrated frequent aneusomies in chromosomes 7, 8, 17, 18 and X and recurrent deletions of chromosome Y. Peyronie's disease nonplaque tunicaderived fibroblasts demonstrated infrequent chromosomal changes early in culture; however, with repeated passaging the majority of cell cultures demonstrated aneusomies in at least one chromosome. These data indicate that Peyronie's disease plaque-derived fibroblasts have consistent aneusomies even at early passage and that nonplaque tunica-derived cells from men with Peyronie's disease also demonstrate chromosomal instability. This suggests that the tunica albuginea of men with Peyronie's disease may be predisposed to undergoing unregulated fibrosis. These findings confirm the transformed nature of the Peyronie's disease tunical fibroblasts studied in this analysis. While the etiology of these findings is not clear, it is likely that these pathobiological characteristics contribute to the pathophysiology of this disease process.
Introduction
Peyronie's disease is estimated to affect 1-3% of men and is the result of plaque (scar) formation in the tunica albuginea of the corpora cavernosa of the penis. [1] [2] [3] [4] The plaque is thought to result from a process involving fibroblast proliferation, excess collagen deposition and cellular overproliferation. 5, 6 The precise mechanisms that lead to Peyronie's disease have not been fully elucidated at this time. Numerous theories regarding the etiology of Peyronie's have been proposed, including trauma, failure of fibrin degradation and autoimmune factors. 5, [7] [8] [9] [10] [11] However, no single theory has been able to explain adequately the precise events through which patients develop Peyronie's disease. Data from the study of similar fibrotic diseases such as Dupuytren's contracture and others have raised questions about the role of cytogenetic alterations in the development of fibrosis. 12, 13 Indeed, earlier work in Peyronie's disease using karyotyping has demonstrated aberrations in the number of certain chromosomes, particularly chromosomes 7 and 8 in fibroblasts derived from plaque tissue.
14 Data to date have suggested that Peyronie's disease nonplaque tunica-derived cells behave normally in culture. 15 We have a well-established cell culture model for Peyronie's disease that has been used to study the pathobiology of Peyronie's disease fibroblasts. 9 , 16 We have demonstrated that Peyronie's disease plaquederived fibroblasts demonstrate consistent morphologic transformation in culture, increased S-phase fraction on flow cytometry, immortalization in culture, dysregulation of cell cycle regulators and tumorigenicity in immunodeficient mice. 17, 18 Fluorescent in situ hybridization (FISH) is a contemporary technique that permits the counting of chromosome copy number by labeling of the chromosome centromere. This investigation was undertaken to assess chromosomal aberrations in cell cultures derived from the tunica of men with Peyronie's disease as well as two different sets of control fibroblasts, and to follow the temporal progression of these alterations as the cells pass through cell culture.
Patients and methods

Study population and tissue acquisition
The study population consisted of patients with documented Peyronie's disease and penile curvature of at least 1 y duration who underwent either surgical reconstruction of their penile curvature or placement of a penile prosthesis. Patients were enrolled according to an IRB-approved protocol. Intraoperatively, two tissue samples were excised: firstly, tunical tissue was excised from the Peyronie's disease plaque itself and secondly, an area of the tunica unaffected by the fibrotic process was also biopsied. Using loupe magnification, care was taken to ensure that fascial and smooth muscle tissues were stripped from the tissue samples. Immediately following excision, both specimens were placed into tissue transport medium (RPMI, 10% fetal calf serum, 10 mM HEPES and 1% kanamycin/gentamycin) and transported directly to the laboratory. Two types of tissues were used to generate control cell cultures, neonatal foreskin and normal tunica excised from young men with congenital penile curvature (without Peyronie's disease). Control tissues were handled in an identical manner.
Cell isolation and culture
Using a sterile technique, specimens were cut into 1 mm 3 fragments and placed separately into 50 ml sterile centrifuge tubes containing MEM (JRH Scientific, Lenexa, KS, USA) supplemented with 10% fetal calf serum (JRH), 1% glutamine, antibiotics (neomycin/kanamycin) and 0.5 mg/ml. type H Collagenase (Sigma, St. Louis, MO, USA). Following overnight incubation (generally 16-18 h) at 371C in 5% CO 2 , cells and tissue fragments were collected by centrifugation (400 g Â 5 min) and washed in fresh tissue culture medium. Pieces of digested tissue were carefully placed onto the bottom of 25 cm 2 sterile tissue culture flasks along with cells from the pellet, and incubated in tissue culture medium (MEM/10% FCS/1% glutamine, antibiotics) in 5% CO 2 at 371C. Tissue culture medium was changed after the first 48 h in culture, and subsequently every 5-6 days. As soon as confluent monolayers were established, cells were harvested using trypsin/ EDTA. After washing, cells for continuous cultures were routinely split 1:3 and grown until reaching confluence. At selected passage numbers, cells from each culture were stored in RPMI/15% FCS/7.5% DMSO at À901C. Control tissues were handled in an identical manner to procure cultured cells.
Flourescent in situ hybridization
FISH analysis was carried out on a single cell suspension made by mechanical dissociation. Unfixed cells were placed onto slides, were then airdried, fixed with a 2% paraformaldehyde solution and labeled. The target DNA in the cells was denatured and the slides were then dehydrated with graded solutions of ethanol. Slides were mixed with 10 ml of the probe mixture, consisting of 1 ml distilled water, 7 ml of hybridization buffer, 1 ml CEP-green probe, and 1 ml CEP-orange probe. The slides were then incubated overnight. The next day, the slides were placed into a warmed 50% formamide/2 Â SSC solution and washed. Slides were then air dried and counterstained with 10 Â ml DAPI counterstain. Coverslips were applied and sealed. Counting was performed by a single person (TVS). To assure hybridization efficiency and spotting accuracy, normal peripheral blood lymphocytes were used as controls. The criteria for the evaluation of nuclei were applied uniformily to minimize intraobserver variability. The following criteria were used: (i) overlapping nuclei were not counted, (ii) FISH signals were counted only in nuclei having homogeneous fluorescence, (iii) minor hybridization signals were not counted, (iv) only hybridization spots clearly in nuclear boundaries were counted and (v) only nuclei with good hybidization signals were counted.
Results
The data presented are from (i) five individuals with Peyronie's disease each generating plaque-derived fibroblasts (designated P cells) and nonplaquederived fibroblasts (designated N cells), (ii) fibroblasts established from two separate neonatal foreskin specimens (designated F cells) and (iii) fibroblasts established from two separate normal tunical specimens from young men with congenital penile curvature (designated T cells). Cells with fibroblast-like morphology grew out from all tissue specimens. We have previously published data regarding the phenotypic attributes of our cells. 9 In summary, the data support the fact that these cells are fibroblasts. In both sets of control fibroblasts and early passage P and N cells, the fibroblasts typically demonstrated classic morphology. However, as P and N cells progressed in culture, they consistently demonstrated significant morphologic transformation, including cell rounding, increased cytoplasm and foci development. The P cells typically underwent these alterations earlier than the N cells (mean time of transformation of passage 9 vs passage 14).
For the FISH studies, we used probes to chromosomes 7, 8, 17, 18, X and Y (Vysis, Downers Grove, IL, USA) and this was based upon data from earlier work on Peyronie's disease and other associated fibrotic disorders. FISH was accomplished using simultaneous hybridization with two different fluorochrome-labeled probes FITC (green) plus Cy5 (red). The number of centromere-specific probes was determined using fluorescence microscopy. On FISH microscopy, both F and T fibroblasts consistently contained two copies of chromosomes 7, 8, 17, 18 and were always eusomic for chromosomes X and Y (Figure 1 ). The incidence of aneusomies in the Peyronie's disease-derived cell cultures was dependent upon the source of the tissue and the duration in culture. Four out of five P cell cultures (each from a different individual) were aneusomic at low passage and some demonstrated abnormal chromosome copy number as early as passage 3 ( Figure 2 ). As the P cells passed through culture all five demonstrated aneusomies in at least one chromosome (Table 1) . Table 2 illustrates the distribution of aneusomies in the various P cell cultures. Specifically, at late passage, the most common aneusomies were of chromosomes 7 and 8 (both found in all five patients, Figure 2 ), followed by 17 and 18 (both found in 4/5 patients) and Y (found in 3/5 patients) and then X (found in 2/5 patients). At late passage, the mean number (7stan-dard deviation) of copies for the various chromosomes in the five patients was 4.271. With regard to N cell cultures, only one out of five (each from a different individual) was aneusomic at low passage ( Figure 3 ). As the cells passed through culture 4/5 developed increased chromosome copy number in at least one chromosome (Table 1) . At late passage, the most common aneusomies were again of chromosomes 7 and 8 (both found in all 4 patients with aneusomes), followed by 17 and 18 (both found in 3/4 patients), X and Y (found in 2/4 patients) Peyronie's disease plaque-derived cultures (P) 
Discussion
Peyronie's disease is characterized by a localized scarring of the tunica albuginea of one or both corpora cavernosa. The consequent erectile deformity frequently results in the inability of the male to participate in satisfactory coitus. 5, 8 Peyronie's disease is not a rare clinical entity, with incidence rates of up to 3%. [2] [3] [4] [5] Familial occurrence has been cited and pedigree analysis has suggested an autosomal dominant mode of inheritance. 7 This clinical entity is associated with other fibrosing conditions, including Dupuytren's contracture (aponeurotic palmar fibrosis), Ledderhose's disease (aponeurotic plantar fibrosis) and shares some cellular features with proliferative scars, desmoid tumors and benign ovarian fibromata.
While the exact pathogenesis of Peyronie's disease has not been fully elucidated, the paradigm for the study of this condition is dysregulated wound healing. Many theories have been proposed for the pathogenesis of Peyronie's disease, including trauma 8 and autoimmune etiologies. [11] [12] [13] [14] The generally accepted initiator of the disease is trauma to the erect or semierect penis, which is believed to result in delamination of the inner circular tunical fibers at the junction of the tunical septum. 8 The delamination that ensues results in a number of alterations at the cellular level, including fibroblast activation and proliferation, reduced fibrin clearance, enhanced blood vessel permeability, generation of tissue cytokines as well as cellular overproliferation. 6, 8, 19 Cytogenetic studies of fibroblasts grown from the related fibromatosis, Dupuytren's contracture have revealed chromosomal instability in the majority of fibroblasts from the fibrotic palmar fascia, specifically, an increase in the number of copies of chromosomes 7 and 8, as well as deletions of the Y chromosome. 12, 13, 20, 21 Wurster-Hill et al 20 demonstrated that the disease process occurring in Dupuytren's contracture was found to involve marked chromosome instability, in particular trisomy of chromosomes 7 and 8. Bonnici et al 21 found chromosomal abnormalities in cell cultures from Dupuytren's tissue in eight of the nine patients studied, including clones of cells with trisomy of chromosome 8 in five of the nine patients.
Somers et al 15 examined cell cultures derived from Peyronie's disease plaque tissue, adjacent tunica, dermis and lymphocytes in patients with Peyronie's disease using karyotyping, and compared Chromosomal instability in Peyronie's disease JP Mulhall et al the results to cell cultures established from the tunica albuginea of control patients. Chromosomal abnormalities were detected in 7 of 12 Peyronie's disease patients (58%). Cells cultured from adjacent tunica, dermis, lymphocytes from the same patients and all control cultures failed to demonstrate cytogenetic instability. Chromosomal aberrations consisted of numerical changes and structural rearrangements, including trisomy 7 and 8 and deletion of chromosome Y. Thus, the similarity in cytogenetic findings between Peyronie's diease and Dupuytren's contracture suggests the potential for a common pathway for the fibrosis, which occurs in both these conditions. Regardless of the inciting event, the pathological fibrosis that ensues is the result of the normal wound-healing process gone awry. FISH technology has gained widespread acceptance in both research and clinical arenas. This technology has been used clinically in the prognostication of a variety of urologic malignancies, including renal tumors 22 and prostate neoplasms. 23 This technique involves the binding of DNA probes to target DNA sequences inside fixed cells. The unique aspect of FISH is that the probe is localized inside individual cells, providing the opportunity to study the expression of multiple probes within cellular subpopulations and to detect abnormal cells representing a minority of all cells available for analysis. FISH technology is thus more sensitive than the previously used chromosomal karyotyping. The probes used for FISH bind to the centromeres of the chromosomes and can clearly delineate, using approved guidelines discussed in the Methods section, the number of chromosomes within cells. This technology, however, only counts the chromosomes that are screened for and does not evaluate the entire genome.
Other workers have explored cytogenetic changes in Peyronie's disease fibroblasts. Recently, Yamanaka et al 24 assessed DNA isolated from Peyronie's disease plaque tissue for loss of heterozygosity (LOH) and microasatellite alterations (MSI). Using polymerase chain reaction technology, chromosomes 3, 8 and 9 were selected and 20 different polymorphic markers were used to assess for MSI and LOH. In all 40% of the patients demonstrated MSI and/or LOH on at least one locus. These data confirm that cytogenetic instability is prevalent in Peyronie's disease tissue and that it is probably more widespread throughout the plaque-derived cell genome than previously demonstrated.
Our previously described cell culture model has shown that the Peyronie's disease plaque-derived fibroblasts become immortalized in culture, have higher proliferation rates than control fibroblasts, demonstrate dysregulation of cell cycle elements (p53, p21 and mdm2), form subcutaneous nodules in immunodeficient mice, 25 undergo consistent morphologic transformation, develop foci and lose their dependence upon culture medium. 9, 17, 18, 26 All of these factors suggest that the Peyronie's disease plaque-derived fibroblasts are biologically transformed. The chromosomal instability is consistent with the biologic transformation of Peyronie's disease derived fibroblasts. Likewise, the cytogenetic changes are consistent with the dysregulation of the cell cycle elements studied. We have also previously demonstrated dysregulation of the cell cycle in Peyronie's disease plaque-derived fibroblasts, with stabilization and defunctionalization of p53 and its transcriptional elements p21 and mdm2. These cell cycle changes permit cells with an altered genome to pass through the cell cycle checkpoints unregulated, thus promoting cell growth and proliferation. The chromosomes evaluated in this analysis were chosen based upon data from earlier work in Dupuytren's contracture. We have clearly demonstrated consistent aneusomies of chromosomes 7, 8, 17, 18 and X with loss of Y in some cell cultures. It is possible that other chromosomes, if probed may also demonstrate abnormal copy number. Techniques such as spectral karyotyping or comparative genomic hybridization will be required to evaluate the entire genomic complement of Peyronie's disease fibroblasts.
The significance of the increased copy number is unclear, however, it is likely that the cytogenetic abnormalities found may allow dysregulation of the cell cycle, that is, the 'stop signals' involved in normal wound healing may be lost, thus permitting the progression of transformed cells through the cell cycle unchecked. One original concern was that the chromosomal alterations demonstrated represent a culture artifact. However, firstly, human fibroblasts have not been shown to undergo cytogenetic changes spontaneously in culture. Indeed, this is one of the few reported fibroblast cultures derived from benign tissue that has undergone spontaneous transformation. Secondly, both sets of control cells that we have established in culture have not demonstrated any cytogenetic instability. Thirdly, the demonstration of aneusomies in P fibroblasts at low passage (passage 3) suggests that the cytogenetic abnormalities were probably present before the initiation of cell culture. The increased chromosomal copy number may indicate that genetic material on the involved chromosomes may be integral to the pathophysiology of Peyronie's disease. Alternatively, the changes may be the result of an upstream event that results in an altered cellular genome that promotes cytogenetic instability and biologic transformation.
This analysis has also demonstrated that fibroblasts generated from tunical tissue from men with Peyronie's disease but remote from the plaque (N cells) are also cytogenetically unstable. Interestingly, these cells are less likely to demonstrate chromosomal number alterations at early passages; however, with passing time in culture, 4/5 cultures demonstrated abnormal chromosome copy number. These findings indicate that the entire tunica may be susceptible to cytogenetic alterations, thus suggesting that Peyronie's disease may be a field defect of the tunica albuginea, with plaque only manifesting at the point of maximum torqueing stress, generally at the point of the septal junction.
Cytogenetic instability is a hallmark of the pathobiology of neoplastic cells and is rarely documented in cells derived from truly benign lesions. There is currently great interest in benign tumors and fibrotic disorders demonstrating chromosomal instability. Conditions in which there have been cytogenetic aberrations documented include desmoid tumors (aggressive fibromatosis) and benign ovarian fibromata of the theca-fibroma group. Desmoid tumors are soft-tissue tumors of a controversial and uncertain nature that appear to result from a proliferation of cytologically benign-appearing fibroblasts. Cytogenetically, they have been shown to be associated with inactivation of chromosome X and on FISH analysis possess trisomy 8 and in some cases trisomy 20. 11,27 Ovarian fibromata of the thecoma group are benign behaving lesions in which there are robust data that abnormalities of chromosome 12 are prevalent. Both these conditions are associated with a chance of malignant degeneration of these benign lesions. Interestingly, there is no evidence of malignant de-differentiation in either Dupuytren's contracture or Peyronie's disease, which may indicate an intrinsic difference in the significance of chromosomal changes between these conditions and ovarian fibromata and desmoid tumors.
Conclusions
We have used a cell culture model to evaluate chromosome copy number in Peyronie's disease plaque-derived, nonplaque tunica-derived and control fibroblasts. We have probed for chromosomes 7, 8, 17, 18 , X and Y using FISH in cultures derived from multiple patients. We have demonstrated normal chromosome copy number for all chromosomes probed for in the control cells. In Peyronie's disease plaque-derived cells, we have found consistent aneusomies even in early passage cells. In the nonplaque fibroblasts early cytogenetic abnormalities are unusual; however, with repeated passaging the majority of these cultures became cytogenetically unstable. While the etiology of these findings remains unclear, these chromosomal aberrations indicate that Peyronie's disease fibroblasts are biologically abnormal. It is likely that the pathobiological characteristics of these cells contribute to the pathophysiology of this disease process.
